Facilitating Discovery Through
Data Integration and Analysis

David J. States, M.D., Ph.D.

National Center for Integrative
Biomedical Informatics

el PN

National Center for Integrative Biomedical Informatics



Assimilating the Information Deluge
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The peer-reviewed biomedical literature is the .
primary medium for reporting biomedical =
results 000 { |+
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— Research reports, review articles,
conference proceedings, etc.

— Important information is often available only
in free text

NLP is relevant to:
Information retrieval
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Goals and Value Added for NLP

Capturing the complexity of biomedical science
represented in the literature
— Pathways and interaction maps are a very simplistic view
— Accelerated access to full text
— Fine grained indexing and retrieval

Analysis of complex processes
— WNT signaling mapping literature references < interactions

— Free text to machine readable and searchable formats
 MarkerinfoFinder
« SNP Annotaiton
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@f Biomedical literature is complex
— Specialized vocabularies
— Complex sentence structures
— Complex and uncertain underlying knowledge

Literature is the knowledge repository

Half century of failed attempts to get experts to use inputs that are
convenient for the computer

Tradition of peer reviewed literature is responsible for the scientific

revolution
* Did not begin with Gutenberg

"Help! It's a thesaurus!" «  Transaction of the Royal Society

— Newton, Hooke, Raleigh, ...
NCIBI goals
— Partnership and synergy with NCBO

— Take limited validated steps
»  Build increasingly sophisticated modes into information retrieval

* Machine assisted knowledge extraction
— Build on successes in the NLP community
* Named entity recognition and matching

NLP. Can Machines Read?
(.
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Information Extraction vs
Information Retrieval

Information Information Extraction
Retrieval and Analysis
* Article Retrieval (publishers) » Database Integration
» Term-Based Queries (e.g. Pubmed)  Full and Partial Parsing
 Structured Databases (e.g. BIND) o Statistical Text Processing
« Canonical Resources (e.g. STKE)  Assist Model Building (e.g. ODE)

Pilot Project: Wnt Signal Pathway Reconstruction
- full parse vs. human expert curation
- good performance, can we expand it?

7
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NLP Pipeline

NLP Pipeline Overview For each document:

e MS-SQL Server « Perl, Minipar, TGrep2, tidy =>

« XML-based documents normalized XML |

 Tabular data for names and individual * Split to document sections
sentences » Split sections to paragraphs and

sentences

User-selected queries against Pubmed: * Named entity tagging and resolution

« “prostate cancer” « Parse sentences with Minipar

« “prostatic neoplasms”[MH] « sentences individually assigned ID

o “androgen receptor” o Extract with Tgrep2 to:

« “wnt and beta-catenin” SUBJECT-VERB-OBJECT tuples

Provenance on parse and terms
Sentence-level subject-verb-object tuples

. . XML
Named entities resolved against databases Normalization

-

" |BIONLP Database

g Pubmed/MEDLINE
R4 Query Results

NC:BI
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Challenges in Biomedical NLP

Complex

— Very large vocabulary

* More than a million gene i
names and synonyms y

3
LI

— Long sentences with complex |
structure |

* Many parsers literally fail

Bottom up

— Name collisions
* PCR => phosphocreatine
(and premature contraction)
— Inconsistent and domain
specific definitions
— Too many ontologies
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Avallable Resources

Focus on

protein-protein interactions

protein-gene interactions

Metadata: MeSH

Ontology Databases

\

P-P Interaction Databases

Pathway Databases

j assertions linked to literature

Pubmed/PubMedCentral
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Wnt Pathway Project:
Human Curation vs NLP

Cerberus -> Wnt Wnts 10067895

WIF <->Wnt 10201374

Dickkopf Dkk <-> LRP 11357136 11433302 11448771

Dickkopf Dkk <-> Kremen Krn 11357136

Wise <->LRP 12900447

Whnt <-> Frizzled 8717036

Whnt <> FRP Frp 8717036

LRP <-> Wnt Wnts 11029006 11029007 11029008

LRP <->boca mesd 12581525 12581524

Proteoglycans PG<-> Wnt 2158444

Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> CK1e CKI 105176 3210535959
Dishevelled Dishevelled dishevelled disheveled Dsh Dvi Dvl <-> CK2 CKII 9214626 12700239
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> GBP Frat1 Frat-1 10428961 10882137 10684251
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> Par-1 11433294
Dishevelled Dishevelled dishevelled disheveled Dsh Dvi <-> PP2C 10644691

PP2C <-> Axin 10644691

Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> Frodo 11941372
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> naked cuticle gene naked 10693810 11274052
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> Axin 10320628 10882137 9920888
Dishevelled Dishevelled dishevelled disheveled Dsh Dvi <-> Dapper Dpr 11970895
Dishevelled Dishevelled dishevelled disheveled Dsh Dvi <-> Disabled-2Dab-2

Disabled2 Dab2 12805222

Disabled-2Dab-2 Dab2 Disabled2 <-> Axin 12805222

LKB1 XEEK1 <-> GSK 12973359

Armadillo beta-catenin <->zw3 GSK-3b GSK3 GSK3beta 9554852 9601644 10073940
11927557 12000790

Armadillo beta-catenin <-> Casein Kinase 1 casein kinase 1 CK1a CKI CKlalpha 955485
29601644 10073940 11927557 12000790

Armadillo beta-catenin <-> APC 9554852 9601644 10073940

Armadillo beta-catenin <-> Axin 9554852 9601644 10073940

Armadillo beta-catenin <-> Slimb b-TrCP 9461217 9784611 10072378

Axin <-> PP2A 9920888

Axin <-> LRP 11336703

Axin <-> GSK-3b GSK3 GSK3beta 9482734 9501208 9601644

Axin <-> APC 9482734 9501208 9601644

PP2A <-> APC 10092233

Axin <-> Diversin 12183362

beta-catenin <-> TCF 0000000

TCF <-> Groucho 9783586

Groucho <-> HDAC 10485845

beta-catenin <-> Legless Bcl9 11955446 11967528 12015286

beta-catenin <-> Pygopus pygopus pygo 11955446 11967528 12015286

beta-catenin <-> Chibby 12712206

TCF <-> CBP P300 9774110 10775268 10769018

beta-catenin <-> Pitx2 12464179

beta-catenin <-> Brg-1 11532957

beta-catenin <-> Pontin52 Pontin pontin 11080158

beta-catenin <-> Reptin52 reptin Reptin 11080158

beta-catenin <-> XSox17 10549281

beta-catenin <-> Smad4 10693808

TCF <-> CtBP 10375506

TCF <-> HBP1 11500377

TCF <-> Lit1 NLK Nemo 10380924 10391247 10391246

Lit1 NLK Nemo <-> TAB1 TAK1 MOM-4 10380924 10391247 10391246

Teashirt Tsh <-> beta-catenin 10205174

beta-catenin <-> ICAT 10898789

T

catenin

Model of Wnt signaling (s. Nusse, October2003)
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Overview of NLP for Wnt Signaling

1y Initial Query Set to MEDLINE/Pubaed:

Background Corpus: "Signal Transduction® [HeSKH]
Mok -apecifle Corpas: "gignal Transduction® [MeEH] AND {Wnt OR Akt OR catenim O frizzled)

Retri via Hitp Cliemt _
Siisve via Bl Ll 2) Document Pre-Processing into XML

*[Daocument structure pars:
= Embedded HTML. fomsiting tegs reminved
= Puscruation spdil from adjoising wonds

= Select parseable sections (Absiract, Intraduction, Figares,
Dscussion) snd discard non-parse entries (mosaly reference
st

Ell

Anles A b . 5
HTML{ Fedl Tesires Farm) KL 1l Tex * Tene blocks =plit ima ane sentence per i

ol e Secrkansi

. F|E 3b) Link Parsing of Wnt Corpus and Processing of
3a) Cass Partial- g |3 Wt Corpus Sentences into "Tuple” Assertions
Parser Moun Phrases g |8
Chi-Squared Test Ranking of & | &
thmpm&ulrll p|1.1d|.|ce.vi § E 44 ."-rpeud Fuall-Parse Demved Named Enlilees I:Fm{tiru.l:ll.'] from all "is”
W ni-spogific Moun Phrases 2 i pusssive verb tples w Mamed Entities List
[Backgrownd Corpus] we " -

[Wne Corpus)
L

5) Build Wnt-Specific Protein-Protein Interaction

Wnt-Specific Named Entity List 4) Statement List

-

el
CASS Parial Pame (Hih-Speed e E“:':: ; e Marmad Enie L+ FulhPiares B

Cass Partial ParsefChi-Squa mied En arse
= WX moun phrases extracied from partially parsed 'Wn Corpus Nesmead Entities Heq w ! e
ard wery karge “Signal Transduckon® Compus
A rliars:

snlioes aygreode-yu g o ssmm (. -- s e (qek

- Chi-aquansd lesl and rarking generates Wint-gpecilic ramed
Tuples fram Link fikered by a subset of “birding™related verbs

anity list,

Link Parse Derived Named Ersses (Hgh-Frecisin) Final List

-apgendsd fom ™ ma_ " luphes, Generally WETY hpgh MamedEntiy1 inas RlamadEnisy2

precision [e.g. "Wnt is & profain’) MammedEnityl s NamedEnsyd
NamedEriity1 binds NamedEnsity18
ceeresvedie  MamedErity? binde MamedErmy 12
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Link Interaction Detection

Total manually sample counted

370

Total Gold Standard Associations
Detected

31 of 53 (58%)

Parse/Extract Precision
Total correct (direct+indirect, ignoring
name errors):

344 of 370 (92%)

Parse/Extract Recall with respect to Gold
Standard Wnt Signaling Review Derived
Set

31/53 (58%)

Separate Unique Interactions (overall)

1176

Separate Unique With Correct Name
Recognition

1043
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Variations on a Name: NFKB

Query: NF-kappa B But...
8000 abstracts Nuclear Factor kappa B
2000 full text kappa B Enhancer Binding Protein

Immunoglobulin Enhancer-Binding Protein

154361 ni- kappab Enhancer-Binding Protein, Immunoglobulin

15507 ni-kappab Immunoglobulin Enhancer Binding Protein
12744 nf kappab Transcription Factor NF-kB
8586 nf-kappa b Factor NF-kB, Transcription
1904 nfkappab NF-kB, Transcription Facl,‘(tor
Transcription Factor NF kB
871 nf- kappab \g-EBP-1
Solution: Regular expressions? Ig EBP 1
It works for PreBIND! NF-kB
NF kB
8 NFkB

g
g
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Gene Name Tagging

Domain specific dictionary Human “gene rifs” analyzed
— ldentify species from MeSH 05,214
annotations Tagged

— Build gene name table

based on species 82,587
Efficient suffix tree algorithm Correct gene
— Million gene names and 76,447
synonyms Precision/accuracy = 92.6%
— Case dependent and Recall = 80.3%

independent matching
Resolving ambiguities

— Neighboring term frequency
based classifier

And...

545,540 tags including
multiple occurrences and many
more genes

4
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Text Tagging and Indexing

Text Processing Pipeline

1. Query Documents 121,899
2. Pubmed search Sentences 2,167,762
3. Document retrieval
4. Conversion to XML Cell lines 216,504
5. Document structure parse Gene names 1,139,220
6. Sentence splitting Mesh heading 7,450,689
/. Named entity tagging Substance 496,518
8. Named entity resolution
9. Deep parsing

m Biomedical text is information rich!

National Center for Integrative Biomedical Informatics



Graphical Summarization of Complex
Data in the Biomedical Literature

A single paper references dozens of genes and
hundreds of gene to gene relationships

Graphical representation
— Genes as nodes
— Gene to gene relationships as edges

Applications
— Powerful visual interface

— Unification across the center (Concept maps, )
— Accessible to computational search (SAGA)

National Center for Integrative Biomedical Informatics



Graph Based Literature Search

Full text named entity tagging of the query and target
Nodes => genes, Edges => sentences referring to a pair of genes

17390 16476 18033
/
17395 354 3553 5669
847 847
Subgraph matching 3 nodes Subgraph matching 3 nodes
and 2 edges but no edges

5
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Graphical Text Summarization

Nodes => genes Edges => sentences referring to multiple genes

Genes and relationships in Lee AW, States DJ (2000) Mol Cell Biol. 2000 Sep;20(18):6779-98.

National Center for Integrative Biomedical Informatics



Document and Multi-document
Summarization

Complex task with many applications
— One shoe is not going to fit all feet

Graphical description of information relationships within
one or more document(s)

Provide multiple measures of term and sentence
similarity
— Position in the document
— Lexical similarity (LexRank)
— Centroid in the graph of sentence relationships

Allow the user to interactively weight differement
measures

Drago Radev
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g
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Overview: Data Resources

MarkerinfoFinder incorporates four major categories:
Genetic markers:
— SNP: dbSNP/SNP search web service
— STS/Microsatellite: UniSTS
Chromosome/Genomic Locations:
— Cytoband: extract from free text
— Genomic locations-based search
Gene/Probe:
— Batch sequence IDs: Gene, UniGene, GenBank, Affymetrix Probe.
— Genel/protein keyword search, to locate a set of genes.
Diseases:
— Normalized names. OMIM, for human genetic inherited diseases.
— Supplement: UMLS (semantic: disease/syndrome), ICD

oy
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g
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Genetic Marker Statistics

Gene/Protein initial list 881,089 unique terms
212,085 flexible patterns
576,286 strict named entity patterns

Word frequency statistics 556,974 filtered single words

STS name dictionary 924,302 STS, 454,439 unique

Medline citations In our database: 15,572,691 citation,
8,018,148 abstracts

Detected STS 1,041,646 occurrences

Detected cytoband 248,048 occurrences

Identified gene/protein Mapped to 22,257 unique Entrez Gene IDs

F Fan Meng
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BrainArray: GenelnfoMiner

_' Molecular and Behavioral Neuroscience Institute
' Microarray Lab

| G HOME ABOUT US DATABASE DATA MINING SERVICE METHOD SITEMAP

Home >Datalflimng
MarkerInfoFinder

=elect Zource:

 STS | Microsatellite
& SHP

o
oo O
" Genomic Location

© Seeuence IDs (Gene, Unigene, GenBarnle, Affy Probe)
Gene MNames (search for genes by keyword)

Genetic Markers

GeneProbe

 Dicease MNames
© MeSH Termns

Diseaze

& e
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Search for SNP/STS/Microsatellite
Rrelated Papers:

Search Target IA List of 3MPs j

rs1799881 -]
rs16973331
rs10733858
ID List
| -

SNPs Neighhor Selection |Genomic Location Neighbors =]
Include SNPs in Genomic 00 b
Neighboring Region P

Include SINPs in the Genes
and 5' Upstream Regions fkb bp "I upstream of 5' end of the genes

Include SINPs with crossover -
. B 'I 06 1
frequencies A LB I e I

HaploBlock Criteria:

Population |European CEPH |
Calculation Method |Gabriel =

X ",
f‘,ﬂ?l'é-c"s
:

&
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Genetic Marker to Literature Mapping

— Genomic Location View

Chromosome | Locatton | SIP Citatons | Publications
10 71656058 | rs10733858 | 186 P
16 F0160166 | rs16973331 | 147 P
— MeSH group view
ﬁ Simplified MeSH Tree
Genotnic Location Wiew MeSH Group View =1 Genetic Struckures
Ea Base Seguence
[ Mapping results grouped by MeSH concepts. | =13 Regulatory Sequences, Nucleic Acid
E||"JT Prarnoter Regions (Genetics)
. . L] R El £
IleSH Heading Papers | MesH Tree | Publication % T:iﬂ;i e
I:—]a Genetic Structures
Transcription, Genefic a7 ™ ® =13 Genome Campanents
Ea Gene Components
. . =-{M! Promoker Regions (Genetics)
igene Expression Femulation 28 ™ % [ Response Elements
[ ] TATABOX
i =423 Biochemical Phenomena, Metabolism, and Mutrition
M 23 @ @ [E1-=3 Biachemical Phenamena
. . e [=1-5 Malecular Structure
Promoter Bemons (Genetics) 16 iy ® -3 Base Sequence
Ela R_egulatury Sequences, Mucleic Acid

=1\ Promaoter Regions (Genetics)



Links to External Database/\Websites

ShP

jfl:url

refSNP ID: rs10733358 !
Organism: human (Homo sapiens) Variation Class: SHE:
bMolecule Type: Genomic Alleles: /T
CreatedUpdated in build: 120/121 Ancestral Allele: Mot &

Zenome Build: 35,1

SHE Dietatls are cat

1

[l Submitter records for this RefSNP Cluster

The submmission ss17386276 has the longest flanling sequence of all cluster members

National Center for Integrative Biomedical Informatics



Selecting Most Relevant Papers

select Entity: IrsEHEIEHEI 'I Sott Abstracts By |S|:|r1... j melect Abstracts: ISeIect vI

# # Swrnbals . ]
—
PMID Wear Journal Marker cene Title of Abskrack
Rearrangement of the T-cell receptor beta-chain gene in non-T-cell, non-B-
SERIEE, B 22.065 A e 1GH@, 1GHM, ., cell acute yrphoblastic leukemia of childhood, 4
The risk of recurrent venous thromboembalism in patients with an ArgS06--
ELULS Bk £2.085 A : = =GIn mukation in the gene for Factor W (Fackor ¥ Leiden). r
11779510 z001 16,611 i 5 EEF2,GEMLERALL .. The nucledol)ar Tif6p and EF.I1|:| are required fu:ur a lake cykoplasmic step of =
tibosome synthesis,
0700252 2000 15 665 i 1 RHOA Rho GTPases regulate distinct aspects of l:_Ienl;Iriti-: arbor growth in ¥enopus r
E— central neurans in viva,
\747630 2002 17 459 i 17 “POT ERF EEFZ .. ExpS exports eEF1A via ERMA Fru:um nuclei e!ru:I synergizes with other "
e transport pathwwaws bo confine kranslation bo the cykoplasm,
(4673072 2003 10,696 i 4 ETF1 TrnM.EEFZ .. Divergent tRMA-like element suppqrts_initiatinn,_ elongation, and termination r
_ of protein biosynthesis,
Gendet-specific frequency of background samatic mukations at the
AII2ETT 1999 10,896 1 2 HPRT1,HPRT1 hypoxanthine phosphoribosylkransferase locus in cord blood T lymphocytes
from preterm newbaorns,
Inducible kranscriptional activation of the human immunodeficiency virus long
i HEl) 2.836 . 2 G6FD NFKEL kerminal reoeat by orotein kinase inhibitors, r

NC
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Linking Through Literature

Examine genes in an abstract

Related Gene Information for Selected Citation

GeneID ‘InpuﬂD gyi%zll Cfficial Mare EntrezGene UniGene |Gene Cards | Ontology
eulcaryotic translation
1938 EEF2 elongation factor 2 ® © © ©
G elongation factor,
83476 GEMI tritochondrial 1 ® © © ©
Era G-protem-like 1
26284 ERAL1 E. oo ® ) © ©

Review journal information

Information of Selected Journal

| ISSM | 1097-2765

| Impact Factor | 16611

‘ Abbgreeﬁ;on ‘ T3 G

[150 abbreviation | Mol Cell

[ 18T Abbreviation | MOL CELL

| FulTite | Molecular cell

‘ Tote ‘ This Jouma.l 1 m§1uded n th?T Entrez mplecula.r biclogy databases,
including Mucleotide, Protein, and Genome

| PublMed Tournal | Full Text (if accessible)

| ISTTournal | 15T Master Journal Search (including Journal website link)

‘ Intimrrtnt:’on ‘ Acess to additional information distributed by LML

National Center for Integrative Biomedical Informatics



Export Citations to Citation Managers

=10l x|

# MarkerInfoFinder_Export.enl

29 200 Genomewide linkage analysis of stature in multiple populations 1 2 _
#290 1999 Type 2 diabetes: evidence for linkage on chromosome 20 in 716 Finnish affected sib pairs.
#2589 1998 The gene responsible for pseudohypoparathyroidism type b is paternally imprinted and maps in four unrel
#2858 2000 A mutation in the alpha 3 chain of type X collagen causes autosomal dominant multiple epiphyseal dyspla
#2587 2000 Owerexpression of MEBS/DCRE3 in human gastrointestinal tract tumors independent of gene amplification an
#286 1998 A physical map of 30,000 human genes.

#285 2001 A high-resolution radiation hybrid map of the human genome draft sequence.

4| | i

Hirschhorn, J., Lindgren, ., Daly, M., Kirby, A, Schaffner, S, Burtt, M., Altshuler, O, Parker, A, Rioux, J., Platko, J., Gaudet,
D, Hudson, T., Groop, L. and Lander, E. (2001) Genomewide linkage analysis of stature in multiple populations reveals
several regions with evidence of linkage to adult height., Am J Hum Genet, 69, 106-116.

Showing 7 out of 112 references. 4 Hide Preview v
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Search by Chromosome Regions
(cytoband/location)

| SNP Properties]
| Target Spel:ies:” |Human ~| |
| SelectLucation” IChrDmosome F’\egionj |

Chrotnosome: m

€ Cytoband |

 Region Start I—
Region End I

Het ity:
¢ eru(zyglfslltg) Betweenl a.ndl

Functional Class:” IAII j

Chromosome Region:

Functional Properties

Select GO terms: | CR
Select euroGO terms: | OR.
Select KEGG patl'm?av:!l

Gene Description|

Eeyword Search

Gene list

Input Selection: | GenBank Accession x|

GenBank Accessions:

Search for literature | Reset |




Gene/Protein Retrieval

Retrieve all gene/proteins containing search keywords

IDpiDid receptar Search Genes I

In species: Human

Search results for: opicid receptor  Total hits: 13 In species: human

| P [UniGeneID [UniGene Title

| W Hs. 2353 |Opioid receptor, mu 1

[ [Hs.522087 [Opicid receptor, sigma 1

IF |Hs. GFEIE |Opioid growth factor receptor

IF|HS.3?2 |Opioid receptor, delta 1

IF|HS.89455 |Opioid receptor, kappa 1

IF|HS.2859 |Opiate receptor-lilce 1

IF |Hs.48 17 |Opioid binding proteinfcell adhesion meolecule-like
IF |Hs. 245117 |G proteim-coupled receptor 7

IF |Hs. 245118 |G protem-coupled receptor B

IF|HS.522?30 |G protem-coupled receptor associated sorbng protein 1
[@ [Hs.22584 [Prodynorphin

IF |Hs.40'l 145 |RE1 -silencing transcripticn factor

IF|HS.83636 |Adrenergic, beta, receptor kinase 1

| Sumbit and Return I

||:|p|:|id receptor =earch Genes |

In species: Human

. . Informatics
Did you mean: opiedd receptor



Disease and Keyword Search

Return a list of disease names for given keywords

Users can select disorders of interest, our system will
return a set of filtered citations.

MarkerInfoFiner MMapping Results

|Select |MeshTree |ME:SH Descriptors

| r | ™ IMental Disorders

| r | W IMental Disorders Diagnosed i Childhood
| r | L] IMental Retardation

i@ | ®™ |Mental Retardation, X-Linked

Submit l

National Center for Integrative Biomedical Informatics
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Knowledge-Based Genome Wide
Association Analysis

Knowledge-based analysis of gene expression data,
such as GSEA and SigPathway is very useful in
providing novel insights

Consider functionally related SNPs together in Genome
Wide Association (GWA) analysis Is important due to
the nature of complex disorders.

Existing knowledge, in the form of pathways and
function categories, provides many elementary
hypotheses for statistical tests

Develop methods for automated evaluation of analysis
results

4

[ |
g
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Re-analysis of the Perlegen/Mayo
Clinic Parkinson’s Disease Tier 1 Data

il
!

Method GSEA p=3 set size>=10 Mayo Clinic-Perlegen Tier 1
Top ranked
gene cutoff PD co-occurrence # p-value | PD co-occurrence # p-value
10 2 0.053 0 0.32
20 3 0.039 1 0.54
30 6 0.001 1 0.69
50 10 0.000 3 0.30
100 11 0.002 7 0.09
200 14 0.021 9 0.35
500 30 0.010 20 0.44
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Moore’s Law, Data Growth
and the Need for Algorithms

Spec95 Integer Performance vs. Genbank Search

10

Genbank
search time

log2(spec95)
D

performance

‘-&s%’/ 1990 1992 1994 1996 1998
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